Activity-based models of travel demand have received considerable attention in transportation planning and forecasting over the last decades. However, they use in most cases micro-simulation approach, thereby inevitably including a stochastic error that is caused by the statistical distributions of random components. As a consequence, running a transport microsimulation model several times with the same input will generate different outputs, which to a great extent baffles practitioners in applying such a model and in interpreting the results. In order to take the variation of outputs in each model run into account, a common approach is to run the model multiple times and to use the average value of the results. The question then becomes:
Introduction
Activity-based models of travel demand have received considerable attention in transportation planning and forecasting over the last decades. Relative to the conventional trip-based approach, such as the four-step model [McNally, 2007] , the activity-based approach is a richer, more holistic framework in which travel is analyzed as daily or multi-day patterns of behaviour related to and derived from differences in lifestyles and activity participation among the population [Kitamura, 1988] . A full activity-based model of travel demand predicts which activities (activity participation) are conducted where (destination choice), when (timing), for how long (duration), which chain of transport modes is involved (mode choice), travel party (travel arrangements and joint activity participation) and which route is chosen (route choice), subject to personal, household, spatial, temporal, institutional and space-time constraints [Rasouli and Timmermans, 2012] . Since 1990s a rapid growth of interest in activity-based analysis has led up to the development of several practical models, including TRAMSIMS [Smith et al., 1995] , RAMBLAS [Veldhuisen et al., 2000a] , CEMDAP [Bhat et al., 2004] , FAMOS [Pendyala et al., 2005] , ALBATROSS [Arentze and Timmermans, 2000; 2004] , and FEATHERS [Bellemans et al., 2010] . The main contribution of these activity-based models is to offer an alternative to the four-step models of travel demand, better focusing on the consistency of the sub-models and proving increased sensitivity to a wider range of policy issues [Janssens et al., 2008] .
However, the activity-based models, focusing on activity-travel generation and activity scheduling decisions, use in most cases a micro-simulation approach, in which heterogeneity and randomness are fundamental characteristics since they simulate individual activity patterns by drawing randomly from marginal and conditional probability distributions that are defined for the various choice facets that make up an activity pattern [Kitamura et al., 2000; Timmermans et al., 2002; Arentze and Timmermans, 2005] . As a result, running a transport micro-simulation model several times with the same input will generate different outputs due to the random number seed used in each run. In order to address practitioners' concerns about this variation, it is natural to run the transport micro-simulation model multiple times, estimate the effects of stochastic error by analysing the variation of the outputs between the runs, and use the average value of these outputs for further analysis. The question then becomes: what is the minimum number of runs required to reach a stable result (i.e., with a certain level of confidence that the obtained average value can only vary within an acceptable interval)? In this respect, several relevant studies have However, only two zones and neighborhoods were considered in that study, which to a large extent limits the generalization of the conclusions drawn in that paper. In this study, we focus on the same issue but look for the answer one step further, which is to find the minimum number of model runs needed to enable at least a certain percentile of zones at different levels of geographic detail to reach a stable result. Systematic experiments are carried out by using the FEATHERS, an activity-based micro-simulation modeling framework currently implemented for Flanders (Belgium). By running the model 100 times, three travel indices, i.e., the average daily number of activities per person, the average daily number of trips per person, and the average daily distance travelled per person, as well as their corresponding segmentations with respect to sociodemographic variables, transport mode alternatives, and activity types, are calculated at the six different geographical levels of Flanders (see Section 2). Furthermore, based on the timedependent origin-destination table derived from the model output, traffic assignment is performed by loading it onto the Flemish road network. The variation of the total vehicle kilometres travelled in Flanders is investigated subsequently.
The remaining of this paper is structured as follows. In Section 2, we briefly introduce the FEATHERS framework and the levels of geographic detail of Flanders, followed by the detailed elaboration of the experiment execution in Section 3. In Section 4, the analysis results are presented and discussed. The paper ends with concluding remarks and future research topics in Section 5. In recent years, a number of applications have been carried out using the FEATHERS platform (see e.g., Kochan et al. (2008) , Kusumastuti et al. (2010), and Knapen et al. (2012) ).
FEATHERS Framework for Flanders
However, like other activity-based models, the FEATHERS framework is based on microsimulation approach. Stochastic error thereby inherently exists, which requires systematic investigation in order to better understand the variability of the simulation results and to facilitate the further development of this modelling framework.
Methodology
In this study, to estimate the impact of micro-simulation error of the FEATHERS framework at all of the six levels of geographic detail of Flanders, 100 successive model runs are performed based on a 10% fraction of the study area population. By considering only a fraction of the full population, computation time is kept within acceptable limits, but it still takes around 18 hours for a single model run at the BB level, the most disaggregated geographical scale. (1 )% (1 / 2), 1 and public transport) and four types of activities (i.e., home-related activity, work-related activity,
shopping activity, and touring activity), the required minimum number of FEATHERS runs with respect to these segmentations can be obtained, respectively.
In addition, based on the time-dependent origin-destination table derived from the model output, traffic assignment can be performed by loading it onto the Flemish road network, and the vehicle kilometres travelled at the whole Flanders can be studied subsequently.
Results
In this section, the results of the experiment on the average daily number of activities per person, the average daily number of trips per person, and the average daily distance travelled per person, as well as their related segmentations at all the geographical levels of Flanders are presented and discussed. The vehicle kilometres travelled on the Flemish road network after traffic assignment is provided subsequently.
Travel indices
According to Eq. (1), the required minimum number of FEATHERS runs for each zone at all the geographical levels can be calculated based on the predefined stable condition. In general, the required minimum number of runs for the daily distance travelled is larger than that for the daily number of trips, which is in turn larger than that for the daily number of activities, especially for the lower geographical levels, such as the BB level, the Subzone level, and the Zone level. This can be mainly accounted for by the fact that in the FEATHERS Moreover, for all the three indices, with a decrease in the geographical aggregation level, the required minimum number of model runs to enable the certain percentile of zones to achieve the predefined stable condition is increasing, which means that relative to a highly aggregated geographical level, it is more difficult for a lower level to make the same percentile of zones reach stability. In other words, with a certain number of model runs, a lower geographical level can only guarantee a smaller percentile of zones to reach stable status. Taking the daily number of trips as an example, at both the Flanders and the province levels, the sample mean of this index has negligible variation, thereby only a limited number of runs (less than 5) is needed to ensure all the zones in these levels to be stable. When it comes to the Superzone level, also few runs are needed if only 95% of the zones are required to be stable. However, if the stability of all the zones at this level is the requirement, the number of model runs has to be increased dramatically, which is around 180 runs. The situation becomes worse when even lower geographical levels are taken into account. At the final BB level, 180 model runs can only ensure 90% of the zones to be stable, and within 100 runs, only around 70% of the zones can be guaranteed in terms of their stability. It is therefore a dilemma to choose between on the one hand more detailed exploration and on the other hand more reliable results. One compromising solution is to set another relatively achievable confidence interval condition for the zones with high variation, especially when these zones are not involved in the study area.
Segmentations
In order to illustrate the impact of segmentations of the population on the required number of model runs, the above travel indices are disaggregated based on socio-demographic variables (gender and age), transport mode alternatives, as well as different activity types. The results are presented and discussed in the following sections. Fig. 3 illustrates the results of gender segmentation related to the average daily number of trips per person and the average daily distance travelled per person. As can be seen, the required Tables 1 and 2 ). Moreover, concerning the lower geographical levels, it is interesting to see that the required number of runs for the first two age categories (i.e., 18-34 years and 35-54 years) are apparently less than that for the following two age categories (i.e., 55-64 years and 65-74 years), which are further less than that of the last age category, i.e., over 75 years. This dissimilarity between different age groups can be explained by the fact that the first two age groups involve a larger population in Flanders than the age groups 55-64 years and 65-74 years, which also involve a larger population than the eldest age group (see Tables 1 and 2 ). Such a situation potentially increases the instability of the index under concern with respect to the elder age group because less population normally implies a lower number of trips and distance travelled as well.
Gender
<Table 1 here> <Table 2 here>
Transport modes
In addition to the socio-demographical variables, research on the mode split is also important from the practitioner's point of view. In this study, four different transport modes, i.e., car as Table 3 and Table 4 . We find that the most frequently used transport mode in Flanders, i.e., the car as driver, needs the lowest number of model runs to reach the predefined stable condition for both the trip and the distance related indices at any geographical level and for any required percentile of zones. On the contrary, the public transport appears to be the mode with the highest variation since the largest number of model runs are needed to achieve the predefined confidence interval.
<Table 3 here> <Table 4 here>
Activity types
Concerning the activity-related index, the FEATHERS framework defines 10 different activity types. The results of four common activity types in our daily life are listed in Table 5 . They are home-related activity, work-related activity, shopping activity, and touring activity, respectively.
Regardless of the most stable geographical levels, i.e., the Flanders and Province levels, homerelated activity needs a lower number of model runs to reach stability in comparison with workrelated activity, which in turn requires fewer runs with respect to shopping activity. Touring activity, however, requires the highest number of model runs among these four types. Such an ordering appears to be quite consistent with the frequency of these activities taking place in our daily life.
<Table 5 here>
Total vehicle kilometres travelled on the Flemish road network
As we can see from the above analysis, the whole Flanders, i.e., the highest level of geographic detail in this study, always reaches the predefined confidence interval fastest. Even taking the segmentations into account, limited number of FEATHERS runs are enough for the index under study to achieve the stable condition (i.e., 100 0.1 ≤ × CI X ). In this section, we investigate the variation of the vehicle kilometres travelled on the Flemish road network by carrying out traffic assignment 100 times. Specifically, after each model run, we obtain the predicted activity travel As can be seen, 2 FEATHERS runs are enough to meet the requirement of the confidence interval for the total vehicle kilometres travelled on the Flemish road network. Considering the eight route link types (Linktypes1-8 in Table 6 ), highway (Linktype1) appears to be the most frequently used road type and is relatively easier to achieve the requirement. Nevertheless, even for the one with the lowest amount of vehicle kilometres travelled, i.e., Linktype4, 7 model runs would satisfy the stable condition. Such a result provides users with great confidence that application of the FEATHERS at an aggregated level only requires limited model runs.
Concluding Remarks
Activity-based models of travel demand generate outputs in most cases from microsimulationbased forecasts. Therefore, stochastic errors due to the statistical distributions of random components are inherently included in such models. Analysis of their impacts on the model outputs thereby becomes one of the vital steps for the reliable transportation planning and forecasting. In this study, the effect of stochastic error in the FEATHERS framework, an activitybased micro-simulation travel demand modeling framework particularly developed for Flanders (Belgium), was investigated, in which six levels of geographic detail were taken into account.
The concept of confidence intervals was applied with the purpose of determining the required minimum number of model runs to ensure at least a certain percentile of zones in each geographical level to reach the predefined stability.
By successively running the activity-based model inside FEATHERS 100 times based on a 10% fraction of the full population, the variation of three travel indices including the average daily number of activities per person, the average daily number of trips per person, and the respect to socio-demographic variables (gender and age), transport mode alternatives, and activity types, were estimated. The results indicated a consistent phenomenon, i.e., for a given percentile of zones, the index under study at a higher aggregated level was normally easier than at a lower level to achieve the predefined stable condition. Here, the degree of the aggregation not only referred to the size of the geographical scale, but also to the detailed extent, i.e., the segmentation of the population, of the index under study.
Concerning the geographic scales, only a limited number of model runs was required at the highly aggregated levels (such as the whole Flanders and the province levels) to ensure all the zones (i.e., the 100 percentile) in these levels to be stable with respect to all the indices and their segmentations. By calculating the vehicle kilometers travelled on the Flemish road network after traffic assignment, similar conclusion could be drawn. All this provides model users with confidence that application of the FEATHERS at an aggregated level only requires limited model runs.
However, when it came to the BB level, the most disaggregated geographical level in this study, more than 200 model runs were usually required to enable all the zones to satisfy the stable condition for any index. And within 100 runs, normally only 70% or even 50% of the zones could guarantee stable model results. It is therefore a dilemma to choose between more detailed exploration and more reliable results. One compromising solution is to set another relatively achievable confidence interval condition for the zones with high variation, especially when these zones are not involved in the study area.
With regard to the different segmentations of the population, it was found that the required number of model runs was relatively lower for the particular target segments which potentially involved more trips or activities. Specifically, the male group which generated a relatively larger number of trips and distance travelled in Flanders needed a relatively lower number of model runs than the female group in order to reach the predefined stability for each percentile of zones.
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